Part 1 of this article published last month considered works from the period 1905-1920 on prime mover regulation by the German M Tolle, the Russian N. E. Zhukovskii, and the American W Trinks together with some of the earliest English-language control texts ofthe 1940s. Part 2 now turns to post-war classic works from Germany, the Soviet Union, France and Italy.
Germany
The first German textbook to be influenced by the 'new' approach to control loop design -that is, the application of frequency response methods and the Nyquist criterion -appeared in the early days of the war (Leonhard, 1940) , although the applications treated were restricted to electrical regulation.
The wartime situation in Germany was very different from that in the USA and UK. Although a number of centres of control engineering expertise had grown up, servo design had not been subject to the same rapid development as in US or British military research centres. Neither had there been close collaboration between different groups as part of the war effort. Nevertheless, there had been a considerable amount of interdisciplinary work under the aegis of the Verein Deutscher Ingenieure (VDI), and a number of gifted individuals had advanced the theory of control systems analysis and design to a high level. Two outstanding early German textbooks appeared in the 1940s. The following discussion derives largely from Bissell (1996) which also gives a little more detail of their technical, social and political background.
Oldenbourg & Sartorius: Dynamik selbsttatiger Regelungen
Hans Sartorius and Rudolf Oldenbourg, two engineers working on the design of industrial control systems with Siemens & Halske AG, published Dynamics of Automatic Controls in 1944, while still in their early thirties. The book is remarkable for its wide coverage, particularly as it was written in virtual isolation from developments elsewhere. Although rooted more in process control than Figure 6 : A generic control loop, German style (Oldenbourg & Sartorius, 1944) . servo design ( Figure 6 shows the generic model of a control loop used by the authors) it contains a thorough exposition of the theory of linear systems, with topics covered including: Fourier transforms, the convolution integral and Laplace transforms (including the use of the final-value theorem to determine steady-state error); a unified discussion of the Fig 7: A chopper-bar galvanometer requiring discrete-time analysis (Oldenbourg & Sartorius, 1944) .
Hurwitz, Nyquist and Kiipfmiiller stability criteria; and a systems approach to the design of simple controllers with proportional, integrating and differentiating elements.
The book also gave an excellent treatment of difference equations for modelling sampled-data systems, motivated primarily by process-control applications using chopper-bar galvanometers as part of the instrumentation. A bilinear transformation was used to enable the Hurwitz criterion to be applied to discrete systems, and discrete systems with dead time greater and less than the sampling interval were also modelled. The possibility of a dead-beat response in a _ sampled-data control system was even noted. In addition to all this, there was a treatment of non-linearities which foreshadowed the describing function technique, and an anticipation of some of the ideas of optimal control, using a linear cost function.
Oppe/t's Grundgesetzte der Regelung
A second German classic appeared a few years later in 1947 (it had been written rather earlier, but publication was delayed due to the post-war exigencies of occupied (1954) . The latter became a standard control engineering text in German-speaking areas for many years, characterised (like much of Oppelt's other work) by a wealth of carefully drawn diagrams, including an 'atlas' of control systems which presented time-and frequencydomain characteristics of over fifty types of closed loop system, classified according to the combination of con-troller and process transfer function. Later versions of the 'kleines Handbuch' were anything but short, and the text ultimately went through five editions, including versions in Russian, French, Polish, Czech, Rumanian and Hungarian (the 1947 forerunner also appeared in Japanese).
The former Soviet Union
As in other countries, the immediate pre-war and wartime years in Russia had seen an increasing awareness of the commonality of control problems in various branches of technology. For example, as early as 1936, A.V. Mikhailov seems to have applied harmonic analysis to a generic control loop. As he pointed out in his 1938 paper reporting this work: "The regeneration theory of electronic amplifiers, which has come very much to the fore of late, and which is based upon the properties of the circuit with the loop broken (the work of Nyquist), can also be applied successfully to investigations of the stability of automatic control systems. The application of this theory facilitates the analysis and visualisation of com- (Andronov & Khaikin, 1937) plex control systems, for which the Hurwitz criterion is ineffective".
Fig. 8 A typology oftrajectories
Nevertheless, as was the case elsewhere, the disparate strands which were ultimately to nourish the new discipline of automatic control had yet to come together. One of these strands (unrelated to other work), which was to become widely known outside the Soviet Union only two decades later, was the approach to non-linear systems based on the nineteenth century approaches of Poincare and Lyapunov which ultimately formed the basis of 'modern' or statespace control theory. A classic text (if not strictly speaking a control classic), and one of the seminal works which promulgated this approach within the Russian-speaking area was the text Theory of Oscillations by Andronov & Khaikin [and Vitt*] (1937) . Figure  8 shows a selection of 'fingerprints' of dynamic behaviour from this text; such representations became wellknown outside specialist physics and engineering only with the widespread dissemination of ideas about chaos in the last decade or two.
The Russian theoretical work of the 1930s, like that of the West, had little impact on contemporary control engineering practice. But as was the case outside the former Soviet Union, automatic control was changing, in particular in its interdisciplinary character. One of the first Russian engineers to promulgate more widely the message of the essential unity of automatic control, whatever the physical nature of the system, was V. L. Lossievskii, one of the founder members of the Institute of Automation and Remote Control, established in 1939. A number of parallels between his book Automatic Control, and Ed Smith's almost exactly contemporary counterpart in the USA can be identified. Both texts were first written in 1942, but not published until 1944; both were firmly directed towards process control; both drew on an extensive body of practical experience and theory; and both were just a little too early to benefit from the full c1as-* The name of the third author, A. A. Vitt, was eliminated from this work after his arrest just before the book was published. He died in a Siberian camp a few months later (Bissell, 1994) .
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told of early post-war control engineering texts in a number of other countries. For example, the romance language area has been neglected so far, as has Japan -although both areas saw significant early activity. Tokyo University, for example, put on a control engineering course as early as 1946 (Suda, 1996) ; and a comprehensive (400 page) textbook appeared in Japanese just two years later (Samukawa, 1948) .
In general, however, most of the immediate post-war texts outside the areas considered in previous sections of this paper fell into two categories: (i) books covering the mid-1940s state of the art of a particular specialised area of application, but largely unaffected by the 'new' control engineering of the war years; or (ii) those whose major objective was to recast and adapt for native consumption the seminal, generic, ideas which had emerged in other countries during the preceding decade. It is worth concluding this paper with a brief examination of an excellent example ofeach type: Evangelisti's La Regolazione delle Turbine Idrauliche (1947) and Naslin's Les Systemes Asservis (1951) .
Giuseppe Evangelisti was a civil engineer specialising in hydraulic turbine engineering at the University of Bologna. His 1947 text was a comprehensive review of the current state of the art of hydraulic turbine regulation, discussing different types of governor, the effect of surge chambers and pipelines, and so on. His cited authorities are some of the pioneers The preceding discussion is by no means complete; there are other interesting stories to be Early texts in some other countries group in Leningrad, included a considerable (Russian) historical element in their 1947 book on the control of thermal power installations, while the rediscovery and re-evaluation of the work of Vyshnegradskii soon fed into most Russian teaching texts of the period. State-space methods for automatic control as developed by groups in Moscow, Gorkii and elsewhere also found a place in the post-war generation of teaching texts, so that the Russian books took on a rather different form from their western counterparts.
The translations mentioned above were also often given a Soviet stamp. The Russian version ofLauer et ai, for example, included a new appendix on stability assessment stressing the native Russian tradition. Many of the references in the original to American work of the 1940s were suppressed, to be replaced by references to Russian publications. Interestingly, a translation of Tolie even appeared -in 1952! By this time the text was of predominantly historical interest, but it is remarkable that even so the preface to the translation included a lengthy note about the priority of Russian work in control engineering, and the fifty additional. pages of notes and commentary also stressed this.
Ideological influences and pressures should not be over-emphasised, however. Much of Andronov & Voznesenskii's historical work still stands scrutiny (at least by the internalist standards of the time); and Chapter 4 of Lossievskii (1949) is a fuller comparison of techniques from Russia, Germany and .---------------------, the USA for the investigation of system stability than appeared in any other contemporary text. sical control approach. Lossievskii (like Smith) merely mentioned the relevance of Nyquist's work in a footnote; unlike Smith he also gave examples of the use of the Hurwitz criterion.
Subsequent Russian texts, such as Feldbaum (1948) and Lossievskii's own greatly expanded book Fundamentals of the Automatic Control ofTechnological Processes of the following year, soon added the analytical and synthetic detail of the new approach. A number of the classic texts from Germany and the USA discussed above also appeared in Russian translation in the late 1940s and early 1950s (see Table 1 ).
The changing ideology of science and technology in the immediate postwar years in the Soviet Union -a time when it became increasingly important (and even mandatory) to stress Russian priority over foreign workalso had its effect on control engineering textbooks. As noted in Bissell (1998 Bissell ( , 1999 , the 1940s saw considerable interest in the history of the discipline in the Soviet Union, with both Andronov in Moscow/Gorkii and Voznesenskii in Leningrad researching the area (see, for example, Andronov & Voznesenskii, 1949 ). Kornilov and Piven, members of Voznesenskii's control engineering Figure 10 : A circuit for solving a fourth-order differential equation.
the history of the discipline, in particular by considering publications from a number of non-English speaking areas which have tended to be neglected in histories of control engineering, From the point of view of a historian of technology, the early texts from both 1905-1920 and 1944-1950 are particularly interesting in two ways. Firstly, they mark stages in the transition of a set of control techniques from being a highly specialised, and relatively unknown, branch of applied science and engineering, to becoming part of the 'toolbox' of a much wider class of engineers. Secondly, various 'non-technical' influences can be detected in both periods, reflecting a perhaps unexpected social shaping in the way control engineering emerged as a discipline.
Such non-technical influences are much stronger in the 1940s books than in the earlier texts, as discussed in more detail elsewhere (Bissell, 1996) . By the end of the decade the various techniques developed just before and during the war had been substantially reworked into the coherent body of knowledge that we still term 'classical control engineering', But there were other agendas besides the technical one which shaped the didactic writing. For example, the early US texts were very much part of the American war effort and the subsequent concern to achieve post-war technological supremacy; early Russian texts were coloured by a rediscovery of the work of Vyshnegradskii, and the perceived need to honour other native contributors to theoretical developments; German texts maintained a rather different approach to control system modelling, and an awareness of the central European tradition (Vyshnegradskii, Stodola, etc) .
As textbooks, both generations of books took ideas from various sources, unifying them, recasting them, and rendering them more accessible to both students and professional engineers. In this way, the authors of all these early texts played an impor-
Conclusion
This paper has attempted to indicate the scope and style of classic control texts from two important periods in
The regulation of prime movers in Part I, together with their successors in the specialised field of civil engineering hydraulics and related fields. The level of mathematical analysis of the book is high, including the use of the Hurwitz stability criterion; partial differential equations for system modelling; and the adoption of Laplace transform techniques for solving various types of system model. But the work is clearly located in this particular, specialised field: there are no generic systems diagrams, and little evidence of a knowledge of what had emerged in the UK, USA and Germany during the war. * Naslin's text, by contrast, is particularly interesting as an example of how an explicitly pedagogical text can help form an emerging discipline. Having noted in the preface that the contemporary control literature was overwhelmingly American in origin, and that the French-language contributions of the late 1940s were fragmentary, concentrating on particular points of detail aimed at knowledgable practitioners rather than those new to the field, he set out to redress the balance. The result was a substantial work (nearly 350 pages) which unashamedly drew on the best of contemporary English-language work, making it accessible to French-speaking students and engineers. So, for example, Naslin's own introduction to linear systems theory, transforms, frequency response, stability, phase compensation, .l!.... and so on is complemented by the reproduction of a set of detailed compensator design tables taken from an article by Harold Chestnut in the December 1947 issue of General Electric Review; by an outline of MacColl's '---' approach to generalising the Nyquist criterion; and by French versions of four important chapters of lames et al (1947) -those dealing with sampling servomechanisms, stochastic models, and least square error. A number of other significant English language publications are also summarised -including, in a short final chapter, Arnold Tustin's work on modelling the performance of human operators which had been carried out in wartime Britain (Bissell, 1992) . (Naslin had attended the 1947 lEE servomechanisms conference at which this work was presented.) Naslin was also keen to emphasise practical aspects ofthe subject, and he gave a wealth of information on the experimental determination of system frequency response and the use of analogue computers for system simulation and 'experimental mathematics', again drawing on work published outside France. Figure 9 shows his example of a circuit to solve a set of linear equations and 
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tant role in the definition and development of control engineering as a separate discipline, with its own conventions, modelling approaches, and language. Engineering has always been an interesting interplay between the academic and practical worlds, and the pioneering textbooks of control engineering reflect this interaction particularly clearly.
